1
N6amt1 exhibited a time-dependent increase in mRNA levels in primary cortical neurons in response to 0 2
KCl-induced depolarization (Suppl. Fig 1A, t-test, t 6 =4.14, p<.01). There was no effect on N6amt2 (Suppl. (Suppl. Fig. 1D ). In contrast to the ILPFC, hippocampal N6amt1 and N6amt2 mRNA showed no change in 0 6 expression in response to behavioral training (Suppl. Fig. 1E-F) . These findings indicate that the gene 0 7
encoding N6amt1, but not N6amt2, is inducible in primary cortical neurons and is expressed in the infralimbic 0 8 prefrontal cortex (ILPFC) in response to extinction learning. The data also suggest that N6amt1 might serve to 0 9 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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As evidenced by dot blot assay, N6amt1ox led to a significant increase in the global level of m6dA (Suppl. Fig.   1  2   S2D ). To further investigate the functional relevance of N6amt1, we co-transfected primary cortical neurons 1 3 with N6amt1ox and N6amt1 shRNA, which blocked the N6am1ox-mediated increase in m6dA (Suppl. Fig.   1  4   S2E ). Taken together, these data demonstrate a role for N6amt1 in regulating the activity-induced deposition of 1 5 m6dA within post-mitotic cortical neurons.
6
Bdnf is the most widely expressed inducible neurotrophin in the central nervous system (19), and is 1 7 directly involved in learning and memory (20). In the adult brain, 5mC within BDNF gene promoters is altered 1 8
by experience (21), and this regulation appears to be necessary for the regulation of gene expression 1 9
underlying remote memory (9). The BDNF locus comprises at least eight homologous noncoding exons that 2 0 contribute to alternate 5'UTRs, and a ninth that contributes a protein coding sequence and a 3'UTR (22, 23).
1
The complex structure of this locus has led to the idea that bdnf expression may be driven by unique DNA 2 2 modifications that guide distinct sets of transcription factor complexes to initiate the transcription of the various 2 3 isoforms (24), all of which could be important for learning and memory formation. This is supported by the fact 2 4 that exon IV is highly activity-dependent and plays a direct role in the formation of fear extinction memory (25, 2 5 26). The bdnf exon IV locus therefore represents a prototypical epigenetically responsive gene, ideally suited 2 6
to examine the functional relevance of dynamic changes in m6dA in DNA that are induced by experience.
7
We therefore asked whether an N6amt1-mediated accumulation of m6dA at the BDNF exon IV locus 2 8 occurs in response to neuronal activation. Chromatin immunoprecipitation analysis revealed an increase in
9
N6amt1 occupancy ( Fig. 2A , t-test, t 6 =2.77, p<.05), but not N6amt2 (Fig. 2B) , at a region of the BDNF P4 3 0 promoter immediately downstream of the transcription start site (TSS). This was accompanied by a significant 3 1 increase in the deposition of m6dA at the same locus (Fig. 2C, t- occupancy, m6dA accumulation and related changes in the local chromatin landscape and transcriptional 4 0 machinery correlated with the induction of bdnf exon IV mRNA expression (Fig. 2H , t-test, t 6 =16.08, p<.001).
1
Importantly, the observed m6dA deposition and associated changes did not occur at a distal GATC site located 4 2 within the BDNF P4 promoter 1000bp upstream of the TSS (Suppl. Fig. S3A -E).
3
In order to gain deeper insight into the mechanism by which dynamic changes in m6dA influence bdnf
4
exon IV expression, an N6amt1 shRNA was generated according to our previously published protocols and its m6dA by N6amt1 likely occurs in a tightly regulated and spatiotemporally controlled manner through locus-
6
specific chromatin modification and the recruitment of activating transcription machinery ( Fig 2I) .
7
It is important to note that although we provide strong evidence to suggest that N6amt1 is necessary for 5 8
the dynamic accumulation of m6dA, at this stage we cannot conclude whether this occurs via its putative 5 9
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N6amt1 coordinates m6dA deposition either as part of a larger complex or directly through enzymatic activity.
4
To determine whether the observed effects in primary cortical neurons are also functionally relevant in 
Similar to the effect of KCl-induced depolarization on m6dA and correlated gene expression in vitro, 7 5 fear extinction learning (EXT) led to an increase in N6amt1 occupancy relative to that in mice which had been 7 6 fear conditioned and only exposed to a novel context (FC-No EXT) (Fig. 3A, t- 
BioRX
Novel base modifications that influence memory knockdown of N6amt1 in the ILPFC affected the formation of fear extinction memory (Fig. 4A) . We first 8 5 validated the efficacy of the knockdown construct, which showed excellent transfection efficiency and a reliable 8 6 decrease in N6amt1 mRNA expression when infused directly into the ILPFC prior to behavioral training (Suppl. 8 7 Fig. 6A-B) . There was no effect of N6amt1 shRNA on within-session performance during the first 10 8 8 conditioned stimulus exposures during fear extinction training (Fig. 4B-C) , and there was no effect of N6amt1 8 9
shRNA on fear expression in mice that had been fear conditioned and exposed to a novel context without 9 0 extinction training (Fig. 4D-left, preCS) . However, in mice that had been extinction trained in the presence of 9 1
N6amt1 shRNA, there was a highly significant impairment in fear extinction memory (Fig. 4D-right , two-way 9 2 ANOVA F 1,28 = 9.18, p<.01; Bonferroni's posthoc test; EXT scrambled vs. EXT shRNA, p<.001). As a control,
3
we also generated an N6amt2 shRNA and observed no effect of N6amt2 knockdown in the ILPFC on the 9 4 formation of fear extinction memory (Fig. 4E-G) . Infusion of the N6amt1 shRNA into the prelimbic region of the 9 5 prefrontal cortex, a brain region immediately dorsal to the ILPFC and not required for the acquisition or 9 6 expression of fear extinction memory, also had no effect (Suppl. 7D). These data demonstrate an important 9 7 role for the N6amt1-mediated accumulation of m6dA in the ILPFC in regulating the formation of fear extinction 9 8 memory. At this stage, however, a more generalized role for m6dA in other forms of learning and memory 9 9 cannot be ruled out.
0
With respect to the epigenetic landscape and transcriptional machinery surrounding the BDNF P4 0 1 promoter in vivo, knockdown of N6amt1 prevented the extinction learning-induced increase in N6amt1 0 2 occupancy (Fig. 5A, p<.01 ) and the accumulation of m6dA (Fig. 5B, p<.05 ). N6amt1 knockdown also blocked 0 3 the extinction-learning induced increase H3K4 me3 (Fig. 5C , **p<.01), YY1 (Fig. 5D , p<.01), and Pol II 0 4
occupancy at the BDNF P4 promoter (Fig. 5E , p<.001). Finally, similar to the in vitro findings, N6amt1 0 5
knockdown blocked the effect of extinction training on bdnf exon IV mRNA expression (Fig. 5F , p<.01). Taken   0  6 together, these findings suggest that a dynamic, learning-induced, accumulation of m6dA in the adult ILPFC, 0 7 mediated in part by N6amt1, plays a critical role in regulating experience-dependent bdnf exon IV expression 0 8
and the formation of extinction memory.
9
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accompanied by increased occupancy of the transcription factor YY1 and Pol II at the same locus (Suppl. 
Other DNA modifications, including oxidative derivatives of 5mC, are found within gene promoters as proximal to the TSS in the BDNF P4 promoter, further suggests that this particular DNA modification confers 2 5 tight control over exon IV expression through regionally selective epigenetic regulation. Indeed, Pol II is 2 6
recruited to the P1 promoter in a spatiotemporally regulated manner, resulting in 'waves' of BDNF exon I 2 7
mRNA expression (39). Thus, the m6dA-mediated recruitment of YY1 and Pol II at activity-induced genes 2 8
supporting memory formation may also provide a signal to sequester other epigenetic regulatory mechanisms 2 9
in order to promote experience-dependent genomic metaplasticity, and to guide future patterns of learning-3 0 induced gene expression (2).
1
In summary, the discovery of activity-induced accumulation of m6dA in the mammalian genome that is 3 2 required for memory formation dramatically expands the scope of experience-dependent DNA modifications in 3 3 the brain. It is evident that the information-processing capacity of DNA is far more complex than current
BioRX
Novel base modifications that influence memory perspectives, and our finding that m6dA is a potent regulator of gene expression likely represents the tip of the 3 5 iceberg for this newly discovered epigenetic mark. We predict that a large number of dynamic and functional 3 6 modifications on all four canonical nucleobases remain to be discovered, and it will be within the realm of 3 7 cognition and memory where the impact of these novel epigenetic purveyors of genomic and behavioral 3 8 diversity will be most significant.
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